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Effect of dialysate osmolarity on the transport of low-molecular weight
solutes and proteins during CAPD. Osmotic-induced fluid and solute
transport was studied in ten stable CAPD patients, who were examined
twice within one week, using dialysate with 1.36% glucose on the first
and 3.86% glucose on the second day. Peritoneal fluid kinetics were
determined using intraperitoneally administered dextran 70 as a volume
marker. After a four-hour dwell period, an increase in mean transcap-
illary ultrafiltration rate (TCUFR) with 3.86% glucose compared to
1.36% glucose was found (3.40 0.62 mI/mm vs. 1.20 0.57, P <
0.001), but the lymphatic absorption was unchanged (1.32 0.10
mI/mm vs. 1.42 0.15). The increased TCUFR resulted in a higher
clearance of 132-microglobulin, but no differences were present in the
clearances of albumin, transferrin, IgG, IgA and a2-macroglobulin. This
is consistent with the two pore theory for transcapillary transport with
a small pore size of less than 40 A. The contribution of osmotic induced
convection to the total transport of 32-microg1obulin was small (6%
during 1.36% glucose, 16% during 3.86% glucose), suggesting that
macromolecules are mainly transported by diffusion or hydrostatic
convection. The peritoneal restriction coefficient was 2.37 0.04,
indicating restricted diffusion for macromolecules. In contrast, the
restriction coefficient for low-molecular weight solutes was 1.24 0.03,
in accordance with a process of mainly unrestricted diffusion for solutes
smaller than 16 A. Higher values of protein clearances were found
during the first hour of dialysis compared with the subsequent hours.
This was probably caused by a vasoactive effect of commercially
available dialysis fluid resulting in an increase in effective peritoneal
surface area, and to a lesser extent by an increase in intrinsic peritoneal
permeability. Various models for the calculation of the mass transfer
area coefficient (MTC) of urea, creatinine and urate were used to
evaluate possible interference by convection on the results of the
calculations. With the exception of MTC urea, MTC values of the other
solutes were similar, irrespective of the relative weight given to
convective transport. It implies that the simplified Garred model can
also be used during hypertonic dwells for the calculation of MTC
creatinine and urate.
The effect of fluid kinetics on the transport of solutes during
peritoneal dialysis is a matter that is still not analyzed com-
pletely. This can be illustrated by the following three examples.
First, it has been calculated by computer simulation that an
increase in transcapillary ultrafiltration during peritoneal dialy-
sis from 1 ml/min to 3 mI/mm may enhance the clearance of
albumin from 0.12 to 0.28 ml/min [1]. As albumin accounts for
Received for publication September 8, 1992
and in revised form January 12, 1993
Accepted for publication January 14, 1993
© 1993 by the International Society of Nephrology
50 to 70% of the total protein concentration in the dialysate
[2—4], this estimation implies that protein loss would be 1.7 to
1.9 times higher during peritoneal dialysis with dialysate con-
taining 3.86% glucose compared to dialysate 1.36% glucose.
However, an effect of dialysate osmolarity on peritoneal protein
loss has either been found absent [4, 5], or minimal [61. On the
other hand, the peritoneal mass transfer of albumin during
CAPD has been reported significantly higher during the first
hour of a dwell compared to the following three hours [7]. As
transcapillary ultrafiltration has its maximum during the first
hour, a relationship between the two phenomena is possible.
The second example relates to the increased disappearance
rate of intraperitoneally administered autologous hemoglobin
during CAPD with 3 liter exchanges when compared to the
usual 2 liter volume [81. This can be interpreted as caused by a
high lymphatic absorption from the peritoneal cavity due to
increased intraperitoneal pressure. The finding is in accordance
with the high lymphatic absorption found in children treated
with dialysate volumes of 40 mI/kg body weight [91, although
lower values have also been reported [10]. When a high
intraperitoneal pressure would lead to increased lymphatic
absorption from the peritoneal cavity, a similar rise in lym-
phatic absorption can be expected in conditions where the
intraperitoneal volume is high as a consequence of a high
ultrafiltration rate. However, no effect of a 15% glucose dialy-
sate solution on lymphatic absorption when compared to lac-
tated Ringer's solution could be demonstrated in anesthetized
rats [111.
The last example is the problem of possible interference of
convection on the calculation of mass transfer area coefficients
(MTC) of low-molecular weight solutes. The MTC is the
maximal theoretical clearance of a solute at time zero, so it is
before diffusion has actually started. In the simplified models
for the calculation of the MTC, the problem of interference by
convection is usually minimized by using 1.36% glucose dialy-
sate [12, 13], or, alternatively during a period of isovolemia [14,
15]. In the latter situation measurement of the in situ intraperi-
toneal volume is necessary. The method most widely applied
for the assessment of transport characteristics in CAPD pa-
tients is the peritoneal equilibration test (PET) [16]. In this test
2.5% glucose dialysate is used. The results are normally ex-
pressed as dialysate/plasma ratios. However, the PET test
could very well be used for the calculation of MTC values with
one of the simplified models, when it could be shown that
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Methods
Patients
Procedure
Analytical methods
Calculations
Dx1 — DXrLAR (mi/mm) =
[Dxgeom] t'
convection would only have a negligible effect on the calcula- stopped. A volume of 14 ml dialysate was taken at 10, 20, 30,
tions [13]. 60, 120, 180 and 240 minutes after completion of inflow. These
Eight studies have been published in which a comparison was samples were collected after a temporal drainage of 100 to 200
made between CAPD using 1.36% glucose dialysate and 3.86% ml. Immediately after drainage of the test solution at 240
glucose [17—24]. But, in three of them no paired observations minutes, the peritoneal cavity was rinsed once, similar to the
were used [17, 20, 24]. Also, the in situ intraperitoneal volume procedure at the beginning of the test. Samples were taken from
was not always determined using an intraperitoneally-adminis- this bag for the calculation of the residual volume. Blood
tered macromolecular marker [17, 20, 22, 23]. In two studies samples were taken before and after the test. After the first
only dialysate volumes at the end of a dwell were employed [17, blood sample 20 ml of dextran I (Promiten®, NPBI, Emmer-
20], while in the other two papers, using the results obtained in compascuum) were given intravenously to prevent possible
the same patients, repeated temporal drainages during a dwell anaphylaxis to dextran 70 [261.
were used without a systematic measurement of the residual
volume [22, 23]. In one study the comparison was done in only
four patients [19]. Furthermore, in one of the mentioned studies Determination of total dextran 70 in the dialysate samples
the transport of low-molecular weight solutes was examined, was done by means of high-performance liquid chromatography
but proteins were not analyzed [241. In two other studies the [27] and inulin by a modified Walser method [28]. Urea and
transport of sodium and glucose was determined [18, 20]. urate were measured by use of the DAM-TSC Technicon
Therefore, the main objectives of this study were to deter- SD4-001 DK 7 method, creatinine by the modified Jaffe method
mine: (1) the effect of an increased intraperitoneal volume and glucose by the glucose oxidase-peroxidase method, all
during the 3.86% glucose exchange on lymphatic absorption determined by autoanalyzers (SMAC and SMA-II, Technicon
from the peritoneal cavity; (2) the effect of convection induced Corp., Terrytown, New Jersey, USA). Appropriate corrections
by osmosis on the peritoneal transport of macromolecules from were made for creatinine according to the glucose concentra-
the circulation to the peritoneal cavity; and (3) the possible tion in the dialysate: creatinine corrected (mol/liter) = creat-
effects of a hypertonic dwell on the calculation of mass transfer mine (mol/liter) — 0.47 x glucose (mmol/liter). In all dialysate
area coefficients of low-molecular weight solutes. and blood samples p2-microglobulin was determined using a
radioimmunoassay (Pharmacia Diagnostics AB, Uppsala, Swe-
den), albumin and IgG by nephelometry (BN100, Behring,
Marburg, Germany), and a2-macroglobulin by another nephe-
Two peritoneal permeability tests were done within one week
in ten stable CAPD patients, mean age 50 years (range 25 to 74
They were treated with CAPD for 1 to 35 months (median 8
months). All patients performed CAPD using commercially
available dialysate (Dianeal®, Baxter BY, Utrecht, The Neth-
erlands). None of the patients had peritonitis at the time of the
study or in the four preceding weeks. Six patients used 1.5 liter
exchanges, four used 2.0 liters. Informed consent was obtained
from all patients after an explanation of the aim of the study.
lometric method (Cobas Bio, Hoffmann-La Roche, Basel, Swit-
zerland). Transferrin and IgA were only determined in the four
hour samples, because the concentrations of these proteins
during the first hours of the exchange were too low to be
measured by nephelometry (BN 100, Behring). The lower de-
tection limits and the coefficients of variation of all protein
assays were: 0.1 (mg/liter) and 8 (%) for f32-microglobulin, 1.7
and 3 for albumin, 2.4 and 3 for transferrin, 4.5 and 3 for IgG,
3.1 and 2 for IgA and 0.8 and 3 for a2-macroglobulin.
The protocol was approved by the Committee for Medical
Ethics of the University Hospital of Amsterdam. Each experiment was analyzed individually for the determi-
nation of fluid kinetics, the mass transfer area coefficients of
The peritoneal permeability tests were performed while pa-
low-molecular weight solutes, the clearances of serum proteins
and the calculation of the restriction coefficient (see below).
tients were sitting in a comfortable armchair during a four-hour
dwell period. The tests were done with 1.5 liter or 2.0 liter bags,
depending on what the patient used normally. Dialysate with a
glucose concentration of 75 mmolliiter (Dianeal® 1.36%) was
used during the first test, dialysate with a glucose concentration
of 203 mmol/liter (Dianeal® 3.86%) was used during the second
test. The interval between the two tests ranged from three to
seven days (mean 6 days). To all test bags dextran 70 (Macro-
Fluid kinetics. The dextran absorption rate was used as an
indirect measure for the convective fluid loss from the perito-
neal cavity. It is assumed that this fluid loss is mainly deter-
mined by lymphatic absorption (Discussion). The lymphatic
absorption rate (LAR) was calculated as the difference between
the amount of dextran instilled (Dx1) and the total amount of
dextran recovered (DXr), that is, in the drained test bag, in the
residual volume after drainage and in the samples that were
dex®, NPBI, Emmercompascuum, Amsterdam, The Nether-
lands) 1 g/liter and inulin (mutest®, Laevosan-Gesellschaft,
Linz/Donau, Austria) 2.5 glliter were added for the measure-
taken, divided by the product of the dextran concentration
([DX]) and the dwell time (t). The following equation was
used:
ment of peritoneal fluid kinetics [25].
Before instillation of the test solution into the abdomen, the
peritoneal cavity was rinsed twice with dialysate (Dianeal® (I)
1.36%). The rinse solution was drained by gravity immediately
after inflow was completed. To ensure maximal drainage, the in which [DXgeomJ was calculated as the geometric mean of the
patient was asked to stand up a few times when fluid flow had initial and the final dextran concentration in the dialysate. For
Dx
sIPVt (ml) = [Dxi]
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the initial dextran concentration the first dialysate sample, that in which iXM is the difference in mass transfer between the test
is, 10 minutes after instillation of the test bag, was taken. The with glucose 3.86% and glucose 1.36% and ITCUF the differ-
final dextran concentration was the concentration found in the ence in transcapillary ultrafiltration between the above-men-
drained dialysate. The in situ intraperitoneal volume at time t tioned experiments. The membrane concentration was assumed
(sIPV) was calculated as follows: to be one-half of the mean serum concentration.
Two models for peritoneal mass transport were evaluated to
(2) analyze the effect of a hypertonic dwell on the accuracy of the
calculation of the mass transfer area coefficients (MTC) of small
solutes. First, a simplified version of the Garred model was
in which the amount of dextran at time t (Dxi) represents the used [12, 13]. In this model the dialysate concentration of the
difference between the amount of dextran instilled and the solute after a four-hour dwell period ([D4hr]) and the mean
amount of dextran that had disappeared by lymphatic absorp- plasma concentration ([P1) are used. Furthermore, the initial
tion (LAR• lXt. [DXgeoml) and sampling (SV [DxD. This is intraperitoneal volume was assumed to be equal to the instilled
divided by [DxII, the concentration of dextran at time t. The volume (V1), so residual volume was not taken into account.
theoretical intraperitoneal volume at time t (tIPV1), that is, The volume of the drained bag (Vd) was taken as mean
when no lymphatic absorption (LA) or sampling (SV) would intraperitoneal volume. The following equation was used:
have been present during the exchange, could be calculated by
the sum of the sIPV and the volume that had disappeared out Vc V1[P]
of the peritoneal cavity by lymphatic absorption and sampling. MTC (mi/mm) = — In (6)t V[P — D4hr1
tIPV (ml) = sIPV + LA + SV (3) Second, the MTC was also calculated according to the model
The transcapillary ultrafiltration (TCUF) at time t could then proposed by Waniewski et al [30, 31]. In this model corrections
be calculated as the difference of the theoretical intraperitoneal are made for the ratio between diffusion and convection, by
volume at time t (tIPV) and tIPV at the start of the dwell changing the F-value, that is, a weighing factor dependent on
the transcapillary ultrafiltration, the sieving coefficient and the(tIPV0). The maximal transcapillary ultrafiltration in the ab-
sence of lymphatic flow (that is, TCUFmax) as well as the time mass transfer area coefficient. MTC values were calculatedfor
corresponding to 50% of TCUFmax (that is, t50), were calculated F = 0.5 (theoretically justified model) and F = 0.33 (theoreti-
using the Lineweaver-Burke plot as described previously [25]. cally justified for a high ultrafiltration period). The following
The residual volume after drainage was calculated using equation was used:
inulin, assuming mass balance during rinsing time, that is, time Vm V0' F[p — D0]between the end of drainage of the test solution and the end of MTC (mi/mm) = in (7)
drainage of the rinse solution. Briefly, the residual volume (RV) t v' —F[p — Dr]'
after drainage of the test solution has a known concentrationin which V0 represents the in situ intraperitoneal volume and D0(C), and is then diluted by the rinsing solution, whose volume the dialysate concentration of the solute 10 minutes after(Vrs) and concentration (Crs) are also known. This yields the instillation of the test bag, V, D1 the values at time t, and Vm
equation: RV = Vrs' [CrsI(Cts — Crs)] [29]. the mean intraperitoneal volume calculated by the trapeziumSolute kinetics. Protein clearances were calculated as the
rule [321. The solute concentration in plasma was expressed per
amount of protein recovered, that is, in the drained test bag volume ofplasma water (aqueous concentration) in both models(Prur) and in the residual volume (PrRV), divided by the product [33]
of the mean of the plasma protein concentrations ([Pry]) and the The effective peritoneal surface area can functionally bedwell time (t). Corrections were made for mass transfer of
characterized by the MTC of low-molecular weight solutes [34].
proteins by lymphatic absorption (PrLA) and sampling To study possible differences in the effective surface area
with the exception of transferrin and IgA: during the first hour of the dwell period compared with the three
PrDr + PrRv + PrLA + Prsv hours thereafter, MTC values of urea, creatinine and urate were
Cl (tlImin) (4) calculated using the Waniewski model for the above-mentioned[Prp] t periods. The intrinsic permeability of the peritoneal membrane
Clearances were calculated for the first hour period (0 to 1 hr) as can be characterized functionally by the peritoneal restriction
well as for the period thereafter (1 to 4 hr). coefficient (RC), that is, the slope of the power relationship
The hindrance of the peritoneal membrane for convective between the MTC or clearance of various solutes and their free
mass transport, expressed as the sieving coefficient, was calcu- diffusion coefficients in water (D) [35, 36]:
lated for J32-microglobulin, the only protein in which osmotic MTC = constant . DWRC (8)
convection was significant (Results). The sieving coefficient was
calculated as the theoretical protein concentration in the dialy- The free diffusion coefficients in water of the low-molecular
sate transported by convection ([tPrDj), divided by the mem- weight solutes were calculated according to the principles of
brane concentration. The following equation was used to obtain Wilke and Chang [37]. The D20 (cm2 sec 10) values used
the theoretical concentration caused by convection: were: 129.6 for urea, 83.3 for creatinine and 76.4 for urate. For
the proteins the following D20 values were used: 132-micro-
[tPrD] (g/ml) = TCUF
globulin 13.3 [38]; albumin 6.1, transferrin 5.0, IgG 4.0 and
a2-macroglobulin 2.41 [39]; IgA 3.3 [40].
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Fig. 1. For 10 patients the time course of
transcapillary ultrafiltration (•), lymphatic
absorption (Y) (calculated indirectly as the
dextran disappearance rate from the
peritoneal cavity) and the resulting changes in
intraperitoneal volume (U) with 1.36% glucose240 (A) and 3.86% glucose (B) are given as mean
values SEM. * P < 0.01, ** P < 0.001 when
compared to 1.36% glucose.
Table 1. Peritoneal fluid kinetics (N = 10, mean SEM) during the
dwells using 1.36% glucose dialysate and those with 3.86% glucose
dialysate
1.36%
Glucose
3.86%
Glucose
Net volume change at 4 hr ml —55 61 500 40b
Mean transcapillary ultrafiltration rate 1.20 0.57 3.40 0.62'
during 4 hrs ml/mi,i
Lymphatic absorption rate mI/mm 1.42 0.15 1.32 0.10
TCUFmax ml 325 53 926 61b
t50 ,nin 35 8 60 7
TCUFmax is the theoretical maximal transcapillary ultrafiltration and
t50 the time necessary to achieve half of TCUF,,,X. These parameters
were obtained using the Lineweaver-Burke plot.
a p < 0.05, b P < 0.001 compared to 1.36% glucose
Statistical analysis
Results are given as mean values SEM. The paired Stu-
dent's t-test was used for comparison of the two groups.
Regression and correlation were calculated by the method of
least squares. A 95% confidence interval of the correlation
coefficients was calculated using Fisher's Z transformation [41].
A P value below 0.05 (two-tailed) was considered to indicate a
significant difference.
Results
Fluid kinetics
The intraperitoneal volume during the 3.86% glucose exper-
iments was higher at all time points than during the 1.36%
glucose studies, caused by increased transcapillary ultrafiltra-
tion (Fig. 1). No differences were found in lymphatic absorption
between the two glucose concentrations. Parameters of fluid
transport are summarized in Table 1. The mean correlation
coefficient and the 95% confidence limit of the Lineweaver-
Burke plot for both glucose concentrations was 0.996 (0.991 to
0.997), indicating that a good fit was obtained for the regression
lines. Both TCUFmaX and t50 were higher when dialysate with
3.86% glucose was used.
Protein transport
The four hour clearances of all proteins are summarized in
Table 2. Only the clearance of /32-microglobulin was higher
Table 2. Peritoneal protein clearances (sl/min) (N = 10, mean
sEM) are given for the four-hour dwell period, when dialysate with
1.36% glucose or 3.86% glucose is used
1.36%
Glucose
3.86%
Glucose
/32-microglobulin 1174 171 1340 l82
Albumin 131 17 123 13
Transferrin 116 18 102 12
IgG 75±11 68±9
IgA 47±7 44±6
a2-macroglobulin 19.9 2.6 19.3 2.0
a P < 0.01 compared to 1.36% glucose
when dialysate 3.86% glucose was used. The sieving coefficient
of this protein ranged from —0.13 to 0.51, and the median value
was 0.10. The median contribution of convection relative to the
total transperitoneal transport of /32-microglobulin was 6%
(range: —10% to 29%) with 1.36% glucose and 16% (range:
—16% to 55%) with 3.86% glucose concentration (P < 0.05).
The clearances of 132-microglobulin, albumin, IgG and a2-
macroglobulin, were higher during the first hour compared with
the three hours thereafter (Fig. 2). This was found for both
glucose concentrations. The peritoneal restriction coefficient
during the four-hour dwell, calculated on all six proteins was
2.30 0.04 in the studies with 1.36% glucose and 2.44 0.06 in
those with 3.86% glucose (P <0.05). The restriction coefficient
for all experiments was 2.37 0.04 (Fig. 3), with a mean
correlation coefficient of the fit of 0.991 and a 95% confidence
interval of 0.985 to 0.995. When it was calculated without
p2-microglobulin, the difference of its value between both
glucose concentrations became only 0.03 (P 0.72). The
restriction coefficient tended to be lower during the first hour
than during the subsequent hours, but significance was not
reached: 2.23 0.05 versus 2.33 0.04 (0.05 <P < 0.1).
Low-molecular weight solutes
The MTC values of urea, creatinine and urate are summa-
rized in Table 3. Only for urea did the simplified Garred model
result in a higher MTC value with 3.86% glucose when com-
pared to 1.36% glucose. The MTC values of creatinine and
urate were similar for both glucose concentrations. No differ-
ences in MTC values of urea, creatinine and urate were found
E
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Fig. 2. Peritoneal protein clearances (N = 10) of f32-microglobulin
(J32m), albumin (A), !gG and cx2-macroglobulin (a2m) during the first
hour (left bar) and during the three hours thereafter (right bar). Values
are given as mean SEM. * P < 0.005, ** P < 0.001 when compared to
the first hour.
when calculated with either F 0.33 or F =0.50 (Table 3). The
mean restriction coefficient of the low-molecular weight solutes
calculated on the MTC of urea, creatinine, urate and 12-
microglobulin was 1.24 0.03 (Fig. 3). A mean correlation
coefficient of the fit of 0.999 with a 95% confidence interval of
0.997 to 0.999 was found.
Discussion
A higher osmolarity of dialysis fluid created by increasing the
glucose concentration from 1.36% to 3.86% resulted in the
expected increase of transcapillary ultrafiltration, but had no
effect on the peritoneal clearances of albumin and larger mole-
cules. Only the clearance of f32-microglobulin were influenced
by increased convection. Irrespective of the glucose concentra-
tion, the instillation of dialy sate resulted in a temporal effect on
the permeability characteristics of the peritoneal membrane.
Fluid kinetics
It has been demonstrated both in rats [11] and in humans [421
that the disappearance rate of intraperitoneally administered
macromolecules is constant in time and that its transport is
size-independent [43, 441. These findings are consistent with a
convective mechanism, most likely caused by uptake in the
lymphatic system. Flessner et a! found that intraperitoneally
administered RISA was trapped in the anterior abdominal wall
of rats [451. Since saturation of the interstitium by continuous
administration of dextran 70 had no effect on the disappearance
rate of dextran in humans [421, it is likely that accumulated
macromolecules in the interstitial tissues will eventually be
taken up into the lymphatic system. Consequently, the dextran
disappearance rate can be used as an indirect measurement of
the lymphatic absorption rate. This functional approach implies
that all pathways of lymphatic drainage from the peritoneal
cavity, both subdiaphragmatic and interstitial, are included. In
a previous study we found higher lymphatic absorption rates
during CAPD using 3 liters of dialysate than with 2 liters [81. In
anesthetized cats the rate of fluid absorption from the peritoneal
cavity was directly proportional to the intraperitoneal pressure
[46], suggesting that the increased lymphatic absorption during
3 liter exchanges was likely to be caused by increased intra-
peritoneal pressure. When the increase in intraperitoneal vol-
ume caused by hypertonic dialysate would have a similar effect
on lymphatic absorption, its favorable influence on transcapil-
lary ultrafiltration could partially be counterbalanced by in-
creased uptake of fluid by the lymphatics. However, in the
present study no effect of dialysate osmolarity could be dem-
onstrated on the lymphatic absorption rate from the peritoneal
cavity. It seems plausible to assume that the gradual increase in
intraperitoneal volume during a dwell by ultrafiltration has only
a minor effect on intraperitoneal pressure because of adaptation
of the abdominal muscles. In addition, the rise in volume (that
is, 555 ml) was only half of that during the study comparing 2
liter and 3 liter dialysate volumes.
Protein clearances
The exchange of solutes across the capillary walls can be
described mathematically by a two-pore model [47, 48], in
which the size of the small pores has been calculated as 30 to 45
A [49] or even 110 A [50]. Small solutes and fluids can pass
through these pores, but a small set of large pores must be
present for the transport of macromolecules [49, 50]. A similar
model has been applied in peritoneal dialysis. In this model the
size of the small pores has been assumed to be 47 A on the basis
of computer simulations [1] using data on the loss of serum
proteins [4, 5] or on protein clearances [51] from three other
studies. None of these studies was especially aimed on possible
effects of the osmolarity of dialysis solutions, and hence the
effect of transcapillary ultrafiltration on solute transport. De-
spite the estimated sizes of the small pores, sieving coefficients
below unity have been found for all low-molecular weight
solutes [52—56]. This could be explained by the presence of an
additional transcellular pathway for water transport [1, 23].
The osmolarity of the dialysate only influenced the clearance
of 132-microglobulin, an intermediate-size protein of 16 A, which
is consistent with transport through small pores. A similar effect
has also been reported using glucose polymers [57]. A sieving
coefficient of 0.1 could be calculated. This is in agreement with
the value found in rabbits for dextran 14 A [58]. Therefore, the
contribution of osmotic induced convection to the total mass
transport of /32-microg!obulin was only small. Osmotic induced
convection had no effect on the clearances of albumin, trans-
ferrin, IgG, IgA and a2-macroglobulin, which is consistent with
transport of these proteins through the large pore system.
Transport of albumin (36 A) and transferrin (43 A) through the
large pore system implies that the reported size of the small
pores of the peritoneum (47 A) may be an overestimation. A
value of less than 40 A seems more appropriate. This apparent
transport of proteins through the large pores suggests that its
mechanism is either restricted diffusion [59] or hydrostatic
induced convection, or a combination of both, as has been
made plausible in in vitro studies [60].
Mass transfer area coefficients of low-molecular weight
solutes
The MTC of urea, creatinine and urate was calculated by two
models in which different corrections were made for the solute
transport by convection. The hypertonic dwell had negligible
*
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Fig. 3. The power relationship between the
mass transfer area coefficients (N = 10) of
urea (U), creatinine (C), urate (Ut) and /32-
microglobulin (p2m) and their free dJfusion
coefficient in water (D20,,,,) (B), and the power
relationship between the protein clearances(N = 9) of /32-microglobulin (132m), albumin
(A), transferrin (T), IgG, IgA and cs2-
macroglobulin (a2m), and their free diffusion
coefficient in water (A) on a double
logarithmic scale. The slope of the regression
line represents the restriction coefficient. A
restriction coefficient of 1.0 means that a
linear relationship is present between'
clearances of solutes and their free diffusion
300 coefficients in water. For the low-molecular
weight solutes a slope of 1.24 0.03 and for
the proteins a slope of 2.37 0.04 were
found.
Table 3. MTC values (mllmin) (N = 10, mean SCM) calculated with the simplified Garred model (F = 0) and the Waniewski model
Simplified model Modci correcting for the ratio between diffusion and convection
F=0 F=0.33 F=0.50
1.36%
glucose
3.86%
glucose
1.36%
glucose
3.86%
glucose
1.36%
glucose
3.86%
glucose
Urea
Creatjnjne
Urate
16.1 1.1
10.1 1.1
9.0 1.1
18.4 1.3
10.2 1.3
8.8 1.1
18.5 1.3
11.3 1.3
10.2 1.3
19.6 1.6
11.3 1.3
9.5 1.2
18.5 1.3
11.3 1.3
10.1 1.3
19.9 1.6
11.6 1.3
9.9 1.2
Only the Waniewski model corrects for the ratio between diffusion and convection (F = 0.33 and F 0.50).
aP < 0.005 versus glucose 1.36%
effects on the calculation of the MTC values of creatinine and
urate in the simplified Garred model, in which convection was
maximally corrected for, and only the instilled volume and
drained volume were used for the calculation of the MTC [12,
13]. Therefore, the simplified Garred model can be used during
hypertonic dwell studies like the PET-test, except for urea.
Because dialysate concentrations of this solute after a four-hour
dwell period are almost identical to plasma levels, any way of
calculating the MTC of urea has a limited value, unless shorter
dwell times are used
Restriction coefficient
In a previous study summarizing the results of 93 peritoneal
protein clearance experiments, the average value of the restric-
tion coefficient was 2.22 [61]. Similar values were found in the
present study. The somewhat higher value during the experi-
ments with dialysate 3.86% glucose was caused by the increase
in the clearance of f32-microglobulin due to convection, as the
difference had disappeared after omitting the clearance of
2microglbbulin in the calculation of this parameter. The
restriction coefficient for the low-molecular weight solutes was
only 1.24 and therefore approached unity. This indicates that,
unlike the situation for macromolecules, the transport of low-
molecular weight solutes is mainly by unrestricted diffusion. As
the transport of low-molecular weight solutes is hardly hindered
by the peritoneal restriction barrier, changes in mass transfer
area coefficients of these solutes can be considered to be caused
by changes in the effective peritoneal surface area.
Effects of instillation of dialysate on the permeability
characteristics of the peritoneal membrane
A vasoactive effect of commercially-available dialysis fluid
has been demonstrated by Miller et al [62,63], both after topical
application on the mesothelial surface of the rat cecum [62] and
in the rat cremaster muscle [63]. The observed vasodilation
could lead to changes in the effective peritoneal surface area or
in the intrinsic permeability or both. Such changes could
explain our finding that the peritoneal clearances of all serum
proteins were higher during the first hour of dialysis than during
the three subsequent hours. It confirms the observations of
Kagan et al [7] obtained by subtracting protein concentrations
obtained at the end of one-hour dwells from those at the end of
other four-hour dwells. We were unable to demonstrate a
difference in protein clearances during the first hour of the dwell
between dialysate 1.36% glucose and dialysate 3.86% glucose.
Thus, increasing the osmolarity of the dialysis fluid from 334 to
486 mOsm/liter has no additive effect on the vasodilation caused
by dialysis solutions. As the decrease in the peritoneal restric-
tion coefficient during the first hour of the study did not reach
statistical significance, the administration of dialysis solutions
mainly leads to an increase in effective peritoneal surface area,
while the increase in intrinsic permeability is less pronounced.
It can be concluded that the use of dialysate containing 3.86%
glucose leads to increased transcapillary ultrafiltration, but has
no effect on lymphatic absorption from the peritoneal cavity. It
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increases the clearance of /32-microglobulin by increased con-
vective transport, but has no effect on the clearances of larger
proteins, probably because the latter are transported through a
large pore system. The simplified Garred model for calculating
mass transfer area coefficients of low-molecular weight solutes
can be used during 3.86% glucose dwells except for urea. The
values found for the peritoneal restriction coefficient indicate a
process of size restricted transport probably through large
pores for proteins with radii in excess of 35 A, and a process of
mainly free diffusion probably through small pores for solutes
smaller than 16 A, which are only limited by the effective
peritoneal surface area. The instillation of dialysate in the
peritoneal cavity leads to higher values for mass transfer area
coefficients and protein clearances than in the subsequent three
hours. This effect on solute transport was mainly caused by an
increase in effective peritoneal surface area.
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